Introduction
============

Lumbar canal stenosis (LSS) is frequently diagnosed in cases of lower back pain and is caused by degeneration of the spinal components, including the intervertebral disc, facet, and ligamentum flavum \[[@B1]\]. Symptoms of LSS include neurogenic claudication, pain, heaviness, numbness, and cramping in the lower limb \[[@B2]\]. These symptoms usually improve with appropriate conservative treatment; however, depending on symptom severity and functioning, surgical intervention is occasionally needed \[[@B3]\]. Therefore, it is important to measure symptom severity and functioning in LSS patients. By determining the cutoff values of an instrument used to assess LSS symptoms, such a tool may also be applied to the clinical decision-making process.

Various questionnaires as the Oswestry disability index, Swiss Spinal Stenosis Questionnaire, and Oxford Claudication Score have been used to evaluate symptom severity and functioning in LSS patients. However, these questionnaires do not comprehensively measure specific LSS symptoms and they do not evaluate a wide range of treatments; the LSS-specific symptom scale (Fukushima LSS scale 25, FLS-25) was developed for this purpose \[[@B4][@B5][@B6]\]. FLS-25 is a disease-specific tool that measures the severity of symptoms in LSS, and it is simple and self-administered \[[@B4]\]. Several studies have reported on the psychometric properties of FLS-25 \[[@B4][@B5][@B6]\]. The aim of this study was to translate FLS-25 into Persian (Iranian language) and validate the use of the questionnaire in LSS outcome studies conducted with Iranian patients.

Materials and Methods
=====================

1. Translation
--------------

FLS-25 was translated into Persian from English by two independent academics unconnected to the study. Consequently, a consolidated forward translation was drafted; then, this was backward translated into English by two other academics. After providing a consolidated backward questionnaire, the pre-final Persian version of the questionnaire was ready for pilot testing to establish that it would be understood and that the questions measured what they were intended to measure.

2. The questionnaire
--------------------

Symptoms of LSS are measured using a specific LSS symptom scale (FLS-25). It was designed by Sekiguchi et al. \[[@B4][@B5][@B6]\] and asks patients about their symptoms in specific situations. It consists of 25 questions and all items are rated on a 4-point Likert scale. Possible scores for the items range from 0 (strongly disagree) to 4 (strongly agree). Overall scores on the questionnaire range from 0 to 100, with higher scores indicating better conditions ([Appendix 1](#APP1){ref-type="app"}).

3. Patients and data collection
-------------------------------

The final draft of the Iranian version was administered to a sample of newly diagnosed LSS patients who underwent surgery at the neurosurgery clinic of a teaching hospital in Tehran, Iran between April 2012 and June 2014. LSS diagnosis was confirmed on the basis of clinical symptoms, neurological examinations, and imaging data, including radiography, computed tomography (CT), and magnetic resonance imaging (MRI) of the lumbar spine. All cases presented with the typical symptoms of LSS, which include neurogenic intermittent claudication and numbness and/or leg pain. In all cases, diagnosis was confirmed by more than one spine surgeon. The level(s) of stenosis were localized using CT or MRI. More than one spine surgeon confirmed the diagnosis. All patients received conservative treatment for at least 6 months. Because all patients presented with the typical symptoms of LSS, they were all candidates for surgery. For each patient, two health professionals trained in neurosurgery independently scored the questionnaire at admission (a day before surgery); both independent observers assessed patients the same day. The observers were unaware of the purpose of the study. Patients were assessed once again at 6 months postoperative follow-up.

Patients received surgery (laminectomy without fusion \[n=116\] or with fusion \[n=15\] at one to three levels, unilaterally or bilaterally, depending on the degree of stenosis) if conservative treatment failed.

4. Measures
-----------

The severity of LSS based on the morphology of the dural sac was used to classify patients according to stenosis grade. Constantin and colleagues described a 7-grade (A: A1, A2, A3, A4, B, C, and D) classification for the severity of LSS based on the morphology of the dural sac as observed on T2 axial magnetic resonance images using the rootlet/cerebrospinal fluid ratio \[[@B7]\]. They defined grade A as no or minor stenosis, B as moderate stenosis, C as severe stenosis, and D as extreme stenosis \[[@B7]\]. The Iranian version of the Neurogenic Claudication Outcome Score (NCOS) was also used to indicate functionality. NCOS is a specific measure of functionality in patients with neurogenic claudication and consists of 16 items (8 questions). Each item is rated on a four-point scale with a 2-point intervals ranging from 0 to 6 (0-2-4-6), from worst to best conditions; a 100-mm visual analog scale is used for pain intensity. The scale score is then calculated by summation of all 16 items ranging from 0 to 100, with higher scores indicating higher levels of functioning and/or better health status \[[@B8]\].

5. Statistical analysis
-----------------------

To test reliability, the internal consistency of the questionnaire was calculated using Cronbach\'s alpha coefficient, and a Cronbach\'s alpha ≥0.70 was considered satisfactory \[[@B9]\]. In addition, interobserver reliability was assessed using the kappa statistics \[[@B9]\]. We also performed test-retest reliability using the intraclass correlation coefficients (ICCs) to examine stability. Raters completed NCOS twice at a 24-hour interval. An ICC above 0.80 was considered evidence of excellent stability \[[@B9]\].

To measure validity, different procedures were used. Known-groups comparison was performed to assess validity \[[@B9]\] and was applied to examine how well the questionnaire discriminated between subgroups of patients who differed in dural sac morphology based on MRI. It was hypothesized that the preoperative FLS-25 score for grade-C stenosis would be lower than grade-D stenosis. Convergent validity (criterion validity) was performed to determine how well the questionnaire correlates with another valid instrument measuring similar constructs. Accordingly, correlations between FLS-25 and NCOS were calculated. Pearson\'s correlation coefficients and values of ≥0.40 were considered satisfactory (*r*≥0.81--1.0 as excellent; 0.6--0.80 as very good; 0.41--0.60 as good; 0.21--0.40 as fair; 0.0--0.20 as poor) \[[@B9][@B10]\]. Finally, responsiveness to change as a psychometric property of the questionnaire was also assessed; as such, patients\' preoperative and postoperative scores were compared using the paired *t* test to see if the scale was able to capture changes after surgery.

6. Ethics
---------

The Ethics Committee of Shahid Beheshti University of Medical Sciences in Tehran, Iran approved the study.

Results
=======

The study consisted of 131 LSS patients, including 85 patients with central stenosis and 46 patients with central canal stenosis and lateral canal stenosis. The mean age of the patients was 61.4 (standard deviation, 11.1) years; most were married (75.6%) and had completed primary or secondary education (64.9%). The characteristics of patients, including lumbar stenosis levels and their scores on FLS-25 and NCOS, are shown in [Table 1](#T1){ref-type="table"}. Overall, 186 levels were treated by surgery ([Table 1](#T1){ref-type="table"}). All patients had grade-C (n=102) and grade-D (n=29) stenosis. Statistically significant differences were observed between preoperative and postoperative scores on FLS-25, indicating improvements in outcome and functionality (*p*\<0.001).

The internal consistency of FLS-25 was found to be satisfactory. The Cronbach\'s alpha coefficient was 0.89 and the agreement between two independent observers was 0.82, indicating desirable interobserver reliability. Test-retest reliability, as carried out by ICC, was found to be 0.94 (95% confidence interval, 0.96--0.92), reflecting excellent stability for FLS-25. Validity of FLS-25 was examined using the known-groups comparison. FLS-25 well discriminated between subgroups of patients who differed in morphology (*p*\<0.001) ([Table 2](#T2){ref-type="table"}). In addition, NCOS scores were strongly correlated with patient\'s preoperative scores on FLS-25 (*r*=0.82, *p*\<0.001). Responsiveness to change was assessed by paired *t* test. In all instances, FLS-25 was able to detect changes after surgery, indicating improvements as expected ([Table 3](#T3){ref-type="table"}).

Discussion
==========

Overall, the results of the present study showed that the Persian version of FLS-25 is a reliable and valid tool for measuring LSS symptoms in Persian-speaking patients. Our patients were at ease when responding to the questionnaire. Although the tool is time-consuming, if enough time is spared in the translation process, satisfactory psychometric results may be achieved.

We measured the severity of LSS based on dural sac morphology, as observed on T2 axial MRI, as a clinical measure for known-groups comparison. FLS-25 could discriminate between subgroups of patients who differed in the grade of stenosis during preoperative assessment, as expected.

Sekiguchi et al. \[[@B6]\] reported on the responsiveness of FLS-25 in patients with LSS who received conservative treatment. They showed that FLS-25 has the potential to be used in patients with various types of LSS. The present study showed that FLS-25 can be used to assess the effects of surgical treatment, although this study included only patients who had grade-C and grade-D stenosis.

Sekiguchi et al. \[[@B6]\] reported that FLS-25 scores are correlated with self-reported walking times, stress test standing times, walking distances, and walking times in a population of patients with confirmed LSS who required conservative treatment. In this study, we also found a strong correlation between FLS-25 and NCOS at preoperative assessment. NCOS was selected for convergent validity because NCOS is a suitable instrument for measuring functionality in patients with LSS \[[@B8]\].

Although instruments such as the Oswestry disability index, Swiss Spinal Stenosis Questionnaire, Oxford Claudication Score, Roland-Morris Disability Questionnaire, SF-36, and EuroQol (EQ5D) are useful for measuring changes that occur after clinical interventions, their sensitivity is limited in determining therapeutic effectiveness for all levels of LSS severity \[[@B5]\]. In fact, these scales are also limited in capturing the intensity and the nature of symptoms associated with LSS \[[@B5]\]. Thus, it has been proposed that FLS-25 was developed to comprehensively measure patient symptoms of LSS instead of evaluating global questions \[[@B4][@B5][@B6]\].

Conclusions
===========

The Iranian version of FLS-25 performed well, and our findings suggest that it is a valid measure of symptom severity in patients with LSS.
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Items composing the FLS-25
==========================

###### Characteristics of the study patients and their scores on the FLS-25 (n=131)

![](asj-11-243-i001)

FLS-25, Fukushima lumbar spinal stenosis scale 25; SD, standard deviation; NCOS, Neurogenic Claudication Outcome Score.

^a)^Extreme (D) and severity (C) stenosis of lumbar spinal stenosis based on the morphology of the dural sac as observed on T2 axial magnetic resonance imaging (MRI).

###### Known-groups comparison

![](asj-11-243-i002)

Values are presented as mean±standard deviation.

^a)^Extreme (D) and severity (C) stenosis of lumbar spinal stenosis based on the morphology of the dural sac as observed on T2 axial magnetic resonance imaging (MRI). There were no A and B categories; ^b)^Derived from *t*-test.

###### Responsiveness to change

![](asj-11-243-i003)

Values are presented as mean±standard deviation.

FLS-25, Fukushima lumbar spinal stenosis scale 25.

^a)^Derived from *t*-test.
